Many enzymes require the participation of coenzymes such as NAD+ or ATP for their catalytic activities, and, in spite of the development of immobilized enzymes, the economics of enzyme-catalysed reactions may still be dictated to some extent by the cost of the coenzyme requirement. Therefore any approach which leads to the regenereration of the coenzyme will facilitate a greater use of such dependent enzymes. Creatine kinase (EC 2.7.3.2) catalyses the reversible phosphorylation of MgATP and creatine, and immobilized creatine kinase may be useful for a regeneration system (see Scheme 1).
Previous work (Bickerstaff & Price, 1978) has indicated that immobilized creatine kinase is stable under normal laboratory conditions; however, a greater appreciation of the stability of immobilized creatine kinase is required to evaluate the potential application of the enzyme in ATPregeneration systems. In this present work the importance of single or multi-point attachment on the thermal stability of the immobilized enzyme has been considered.
Creatine kinase was immobilized to Sepharose 4B by the method of March er al. (1974) . Different degrees of attachment of the enzyme to the support was achieved by varying the amounts of CNBr from 5 to lOOmg/ml of gel (Bickerstaff & Price, 1976 Vol. 12 creatine synthesis) by using a coupled assay system involving pyruvate kinase and lactate dehydrogenase. The assay was performed at 30°C in 0.1 M-glycine/NaOH, pH9.0, containing 40mM-creatine, ~~M -A T P , 5mM-magnesium acetate, 1 mM-phosphoenolpyruvate, 0.13mM-NADH, 0.1 M-sodium acetate, and 24 units each of the coupling enzymes in a total volume, including creatine kinase, of 3.0mI. The immobilized enzyme was magnetically stirred in a heated cuvette holder, and at suitable intervals (I min) the A340 was noted. Under these conditions the observed activity was proportional to the amount of enzyme added.
The pattern of thermal inactivation of the soluble enzyme and the immobilized enzyme were studied at 45°C in 0.1 Mglycine/NaOH buffer, pH 9.0. Buffer (2ml) was equilibrated in a thermostatically controlled cuvette for 15 min before a small sample (0.1 ml) of enzyme was added. The mixture was then stirred continuously with a small magnetic stirring bar, and 0.025ml samples were removed at set times and assayed directly for residual enzyme activity.
The thermal denaturation profiles are presented in Fig. I . The average concentration of the soluble enzyme used in these studies was lOOOpg/rnl. The protein concentration of immobilized enzyme prepared by single-point attachment was typically 200pg/ml of agarose gel, and the protein concentration of the immobilized enzyme prepared by multi-point attachment was typically 1000pg/mI of agarose gel. The results clearly indicate that multi-point attachment of the enzyme to the support material substantially improves the thermal stability of the enzyme. Control experiments were performed with soluble enzyme mixed with agarose that had not reacted, to provide similar protein-content values to that of single-and multi-point preparations of immobilized enzyme. In both control experiments the thermal stability pattern was similar to that obtained with the soluble enzyme alone, and this suggests that the physical presence of the agarose support material is not directly responsible for the observed increase in stability. Further, the thermal stability pattern for the soluble enzyme was determined over a protein concentration range of 69-989pg/ml. No significant change in the stability pattern was observed, suggesting that protein BIOCHEMICAL SOCIETY TRANSACTIONS concentration does not contribute substantially to the thermal stability of the enzyme, at least over the range considered here. It is generally assumed that factors such as heating, pH changes or denaturing agents (e.g. guanidine hydrochloride) cause conformational changes leading to unfolding as the protein passes from the native state to the denatured state with a change in Gibbs free energy (Mozhaev & Martinek, 1982) . Therefore the introduction of any modification that will tend to retain the protein in its native conformation is likely to maintain catalytic activity. Studies using 5,5'-dithiobis-(2-nitrobenzoic acid) (J. Rudge & G. F. Bickerstaff, unpublished work) to determine the number of reactive thiol groups present during thermal stability studies have shown that the number of thiol groups per subunit increases from one to two after approximately one half-life at 45°C and then the number falls gradually back to one thiol group per subunit when the enzyme is returned to room temperature. This would tend to indicate changes in conformation during thermal inactivation. Assuming that unfolding (at least partially) is necessary for thermal denaturation to occur, it would seem reasonable to conclude that the more points of contact between the enzyme and the support, the more stable the enzyme will be, owing to greater resistance to unfolding. This seems to be the case with creatine kinase, and has also been observed with trypsin (Gabel, 1973) .
Erythrocytes of many species possess a quinine-sensitive Cat +-activated K + mechanism (or Gardos channel), which is stimulated by an increase in [Ca2+],t (Girdos, 1956; Armando-Hardy et al., 1975; Lew & Ferreira, 1978) . This system is inoperative at 37"C, because passive uptake of Ca2 + is balanced by active Ca2 + efflux, and therefore Ca2 + addition to otherwise untreated erythrocytes does not elicit channel activation. Demonstration of the K + channel has relied on a variety of methods for altering [Ca2+lj for example ATP depletion (Lew & Ferreira, 1978) or the Ca2 + ionophore A23187 (Reed & Lardy, 1972) . Compared with these invasive procedures, simple cooling of cells to 5°C is relatively benign. The present paper describes rapid changes in K + permeability of erythrocytes when exogenous Ca2+ is added at 5°C.
Unidirectional fluxes of 42K or 24Na were studied by using conventional methods with fresh washed erythrocytes in the following medium (mhi); NaCl, 145; glucose, 10; KCl, 7.5 ; Mops (4-morpholinepropanesulphonic acid), 15; ouabain, 0.5; bumetanide, 0.05. The pH of all solutions used in this study was 7.4 at the experimental temperature. Ouabain and bumetanide inhibited the Na+/K+ pump (Schatzmann, 1953) strated that the Ca2 + effect on K + permeability reported here was unaffected by these inhibitors. Uptake studies were performed as previously described (Ellory & Willis, 1982) . For efflux experiments cells were loaded with the appropriate radioisotope in the above medium (excluding inhibitors) for 3h at 37°C; then the cells were washed and cellular radioisotope loss was observed in the presence of inhibitors. Corrections were made for changes in specific radioactivity resulting from the addition of agents to be tested.
At 37"C, the addition of Mg2 +, Ca2 + or Sr2 + (5mhi) was without effect on passive K + permeability in human erythrocytes. Influx was (mmol/litre of cells per h): control, 0.179+0.029; +Mg2+, 0.167+ 0.020; +Ca2+, 0.191 +0.039; + W + , 0.189k0.040 ( n = 4). Passive K + efflux was also unaffected by these bivalent cations. At 5°C however, K + influx (Fig. la) or K + efflux (Fig. lb) was raised by Ca2+ addition. Quinine decreased the flux to control values. Without added Ca2 +, quinine had no effect, and Ca2 + added after quinine did not alter K + influx (Fig.  la) . The lack of influence of EGTA indicates that contaminant Ca2+ was not involved, and volume changes were also unimportant, since sucrose addition was without effect (Fig. lb) .
The K + channel also exhibits high selectivity for K + over Na+ (Lew & Ferreira, 1978) , and therefore the effect of Mg2+ or Ca2+ addition (to 5 m~) on passive Na+ permeability was tested. Passive Na+ efflux (h-I ) was decreased, rather than increased, in both cases; control, 2.32k0.10; +Mg2+, 1.97k0.15; +Ca2+, 1.56k0.20 ( n = 3). This decrease in Na+ efflux is probably a nonspecific effect of bivalent cations (Ellory et al., 1980) .
